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In 20 of 198 patients with hypertrophic cardiomyopathy, Doppler
color ftow imaging revealed diastolic paradoxic jet ftow across the
obliterated left ventricular apex toward the base that suggested
the presence of a discrete apical chamber. This prospective study
characterized echocardiographic, ventriculographic and scinti-
graphic findings in these patients, as well as their clinical features.
Although echocardiography did not directly show the apical
chamber in 13 of the 20 patients, left ventriculography always
revealed a small apical outpouching separated from the major
basal cavity. Systolic bulging of the apex was always followed by
early diastolic shrinkage together with persistent cavity narrowing
between the two chambers.
Mter the systolic jet ftow, the paradoxic jet ftow lasted for 366
± 160 ms after aortic valve closure and always extended into the
Doppler echocardiography allows the noninvasive determi-
nation of intracardiac dynamic blood flow patterns, thereby
enabling the assessment of left ventricular wall dynamics
0-3). In the left ventricle of some patients with hypertrophic
cardiomyopathy, Doppler echocardiography has revealed an
unusual intracavitary signal representing abnormally fast
blood flow directed from the apex toward the base during
isovolumetric relaxation and the left ventricular filling period
(4-6). This paradoxic flow was initially observed in patients
with mid-cavity obliteration and segmental wall motion
abnormalities at the apex. However, the incidence and
clinical significance of this flow pattern, as well as the
precise underlying mechanism, remain to be clarified. Ac-
cordingly, we made a prospective survey of diastolic para-
doxic jet flow in a large group of patients with hypertrophic
cardiomyopathy to correlate the previous observations with
the pathophysiologic and clinical features noted in this
patient group.
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diastolic filling period. The maximal velocity of the paradoxic jet
ftow occurred during isovolumetric relaxation and the mean
velocity was 2 ± 0.8 mis, indicating a higher diastolic pressure in
the apical chamber than in the main ventricle. Compared with
patients who manifested cavity obliteration alone, patients with a
paradoxic jet ftow more often developed systemic embolism (p <
0.01), ventricular tachycardia (p < 0.05) and thallium perfusion
abnormalities localized to the apical region (p < 0.01).
Thus, paradoxic jet ftow could be an important marker of
concealed apical asynergy and the risk of adverse clinical events.
The higher diastolic apical pressure suggested by the ftow may
contribute to the development of an apical aneurysm, even in the
absence of fixed coronary artery disease.
(J Am Coli CardioI1992;19:516-24)
Methods
Study patients. The study group comprised 154 male and
44 female patients with hypertrophic cardiomyopathy, 16 to
80 years old (mean 54), who were examined prospectively
with echocardiography and intraventricular color flow imag-
ing between April 1986 and November 1990. Patients with
technically inadequate recordings were excluded. The diag-
nosis of hypertrophic cardiomyopathy was based on clinical
findings and the echocardiographic demonstration of unex-
plained left ventricular hypertrophy (7). Of the total group of
198 patients, 86 were asymptomatic, 82 had mild symptoms
(New York Heart Association functional class II) and 30 had
moderate to severe symptoms (class III or IV). There were
124 patients with asymmetric septal hypertrophy, of whom
59 had hypertrophy of the apical segment. Hypertrophy
virtually confined to the apical segment was present in 54
patients and diffuse or other atypical types of hypertrophy in
20 patients. A left ventricular outflow tract gradient assessed
by Doppler ultrasound (8) was present at rest in 32 patients.
Systolic cavity obliteration (2,4,5) was noted in 55 patients
and diastolic paradoxic jet flow was found exclusively in 20
of the 55. Stress thallium-201 myocardial imaging was per-
formed in 42 of the 55 patients with cavity obliteration,
including 15 patients with and 27 patients without the jet
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Figure 1. Paradoxic jet flow as viewed by Doppler color flow
imaging from the apical window. A, Systolic turbulent flow
is seen within the obliterated apical portion. B, Paradoxic jet
flow (PF) directed from the apex to the base is present
simultaneously with the rapid filling signal (RF), which is
color-encoded red. C, The M-mode display shows the tem-
poral relation among the second heart sound (S2), paradoxic
jet flow and the rapid filling signal. D, Orientation of the
two-dimensional imaging and M-mode beam path. LA = left
atrium; LV = left ventricle; VS = ventricular septum.
flow. Cardiac catheterization was performed in 126 of the
total group of 198 patients; among the 55 patients with cavity
obliteration, it was performed in 16 with and 31 without
paradoxic jet flow.
These studies were carried out while the patients were in
clinically stable condition, within 6 months before or after
the echocardiographic examination. Any medication that
would have affected contractility or altered the gradient was
withdrawn ~48 h before study, except in II patients with
atrial fibrillation or a left ventricular ejection fraction <40%.
Informed consent was obtained from all patients and the
study protocol was approved by the Research Committee of
our institution.
Echocardiography. A Toshiba SSH 160A or Hewlett-
Packard 77020AC ultrasound unit was used for cardiac
imaging. M-mode and two-dimensional imaging, color flow
mapping and conventional pulsed and continuous wave
Doppler spectral analysis were performed with the patients
at rest in the left lateral decubitus position. We evaluated the
distribution of hypertrophy and wall thickness using two-
dimensional and M-mode images obtained with a 3.75-MHz
phased-array transducer from multiple windows. The mor-
phology of the left ventricular apex was assessed in detail
with a 5-MHz transducer from the apical window. We also
determined the presence or absence of complete end-systolic
cavity obliteration at the papillary muscle level in the short-
axis view.
Intraventricular flow was recorded with use of a 2.5-MHz
transducer at the apical location. The pulse repetition fre-
quency was set at 4 kHz for color flow mapping and we
carefully searched for abnormal color flow signals within the
obliterated area of the left ventricular cavity. A concomitant
M-mode color display enabled us to detect short-lived flow
signals in the narrowed cavity (3,6). Paradoxic jet flow was
defined as a high velocity turbulent signal occurring during
diastole, which was usually manifested as a so-called mosaic
pattern originating from the apex and persisting even after
the onset of diastolic filling. Its direction was opposite to that
of the transmitral filling flow because it accelerated across
the narrowed distal cavity and decelerated toward the out-
flow tract (Fig. I and 2).
Under color flow imaging guidance, a pulsed Doppler
spectral display (1) was obtained from the mitral inflow area,
the outflow tract near the aortic valve and the obliterated
apical area. These waveforms were recorded simultaneously
with the electrocardiographic (ECG) and phonocardio-
graphic signals on a strip chart at a paper speed of 100 mmls.
The continuous Doppler mode was used when the flow
velocity exceeded the Nyquist limit (1). The signal arising
from the mid-cavity was carefully identified and distin-
guished from contaminating signals produced by mitral re-
gurgitation or outflow tract obstruction (8) by reference to
the pulsed Doppler waveforms and the M-mode color spec-
tral display.
Quantitative assessment of flow velocity waveforms. We
quantitatively analyzed the flow velocity waveforms in all 55
patients with cavity obliteration. The mean values for sev-
eral variables were calculated from three successive beats in
the patients with sinus rhythm and from 10 beats in those
with atrial fibrillation. We measured the following indexes:
maximal systolic and diastolic flow velocity directed away
from the apex across the obliterated area (Fig. 2A), duration
of the early diastolic flow directed away from the apex (Fig.
2B), systolic peak flow velocity in the outflow tract, RR
interval, duration of ejection flow as left ventricular ejection
time (9) and time interval from the aortic component of the
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Figure 2. Assessment of intraventricular peak flow velocity
and duration of paradoxic jet flow using continuous and
pulsed Doppler ultrasound from the apical window. A,
Continuous Doppler tracing used for the determination of
the systolic (S) and diastolic (D) peak flow velocities across
the obliterated portion. B, Pulsed Doppler signal obtained
from the apical portion used to measure the duration of
paradoxic jet flow (PF). C, Pulsed Doppler tracing obtained
at the mitral inflow. Left ventricular isovolumetric relax-
ation time (IRT) is compared with the duration ofparadoxic
jet flow. ECG = electrocardiography; PCG = phonocardi-
ography.
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second heart sound to the onset of diastolic filling in the
mitral inflow area as a measure of isovolumetric relaxation
time (Fig. 2C) (10). Ejection time was corrected by the
square root of the RR interval.
When paradoxic jet flow was continuous with systolic
flow from the apex, diastolic flow was defined as beginning
with the aortic component of the second heart sound. The
direction of the beam path was assumed to remain close to
that of the blood flow; hence, no correction was made for
flow angle. The intraventricular peak pressure gradient was
calculated from the maximal flow velocity during systole or
diastole according to the modified Bernoulli equation P =
4y2, where P = pressure decrease in mm Hg and Y = peak
flow velocity in mls (1,8). Systolic intraventricular obstruc-
tion was considered to be present when the estimated
gradient was ;:::30 mm Hg.
Electrocardiography. A standard 12-lead ECG was ob-
tained with the patient at rest. Left ventricular hypertrophy
was assessed according to the criteria of Romhilt and Estes
(11) and intraventricular conduction disturbances were as-
sessed by the criteria of the World Health Organization
(WHO) Task Force (12). Among the 55 patients with cavity
obliteration, 24-h ambulatory ECG monitoring was per-
formed in 13 of the 20 patients with and 25 of the 35 patients
without paradoxic flow while they were taking no antiar-
rhythmic medications.
Thallium-201 emission computed tomography. These per-
fusion studies were carried out after maximal bicycle ergom-
eter exercise. Postexercise and redistribution images were
reconstructed into 5.6-mm multiple slices in the transaxial
plane. Sagittal and short-axis tomograms were then derived
from the transaxial images (13). They were then reviewed by
three unbiased observers. A consensus result was obtained
regarding the presence of fixed or reversible perfusion
defects.
Cardiac catheterization. Baseline ventricular pressure
was assessed using an end-hole water-filled catheter before
cineangiography. Left ventriculography was performed in
the right anterior oblique projection. Ectopic and postec-
topic beats were not analyzed. Depending on the degree of
motion impairment, each ventricular segment was described
as hypokinetic, dyskinetic or aneurysmal (14). Aneurysm
formation was defined as a circumscribed noncontractile
outpouching at the end-diastolic frame. When the apical
segment was not opacified clearly, we injected contrast
medium into the pulmonary artery or mid-ventricle using an
end-hole catheter to better visualize the separated apical
cavity. We also measured the pressure within the apical
cavity when feasible. Catheter entrapment was ruled out by
withdrawing the blood from the tip throughout one complete
cardiac cycle (15). Selective coronary angiograms were
obtained in multiple projections.
Data analysis. Several clinical and echocardiographic
variables of the 20 patients with paradoxic jet flow were
compared with those of 35 patients with cavity obliteration
alone. Data were expressed as mean values ± SD. AStudent
t test or Fisher exact probability test was used to analyze the
differences between variables.
Results
Intraventricular flow conditions (Table 1). The peak ve-
locity of the paradoxic jet flow, recorded during isovolumet-
ric relaxation, ranged from I to 3.5 mls. The diastolic
intraventricular gradient was estimated by the modified
Bernoulli equation to range from 4 to 49 mm Hg (mean 18 ±
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Table 1. Intraventricular Peak Flow Velocity and Duration in 20
Patients With Cavity Obliteration With and 35 Without Paradoxic
Jet Flow
Systole (m1s) IRP (m/s) Duration
Case Outflow Mid· Reversed LVETI IRT Paradoxic
No. Tract Cavity Flow v'RR (ms) Flow (ms)
Patients With Paradoxic Jet Flow (n =20)
I 1.4 3.3 2.3 9.7 182 290
2 1.1 1.2 1.4 8.5 140 200
3 1.8 3.8 3.3 9.1 160 380
4 0.7 1.2 2.0 8.9 lOS 338
5 0.9 4.5 3.5 8.7 110 364
6 1.3 3.0 2.0 9.8 85 364
7 1.2 2.3 1.5 8.1 120 236
8 0.7 1.8 1.1 9.5 110 280
9 1.1 3.1 1.0 8.9 110 170
10 0.9 2.8 1.6 10.0 120 290
II 1.1 1.8 2.5 9.9 122 706
12 1.0 2.5 1.7 8.8 116 230
13 1.2 2.8 1.4 9.1 lOB 416
14 1.0 2.3 2.2 9.3 118 260
15 0.9 3.7 2.9 9.3 100 320
16 0.9 1.5 1.2 8.2 118 344
17 1.2 3.0 3.2 9.0 108 280
18 0.8 3.0 2.1 10.0 122 200
19 1.2 1.6 1.0 8.7 128 670
20 0.8 1.4 1.3 8.1 92 694
Mean 1.1 2.5* 2.0* 9.1 118t 366
±SD 0.3 0.8 0.8 0.6 21 160
Patients Without Paradoxic Jet Flow (n =35)
Mean 1.4 1.1* 0.5*t 9.5 107t
±SD 1.0 0.7 0.4 1.0 22
*p < 0.001 and tp < 0.05 comparing patients with and without paradoxic
jet flow; tmean value for 15 patients with reversed isovolumetric relaxation
flow. The duration of paradoxic jet flow was determined as the time between
the aortic component of the second heart sound and the point where the flow
returned to baseline. IRP =isovolumetric relaxation period; IRT =isovolu·
metric relaxation time; LVET = left ventricular ejection time; RR = RR
interval.
14). The jet flow lasted for 170 to 704 ms from the onset of
the second heart sound; its duration corresponded to 58 ±
19% of diastole and was far longer than the isovolumetric
relaxation time. Consequently, filling of the apex occurred
both late in diastole and during isovolumetric contraction
(Fig. 2).
During systole, a jet flow signal originating from the
obliterated portion near the apex was identified in all 20
patients with paradoxic jet flow (Fig. 1and 2). The maximal
systolic flow velocity ranged from 1.2 to 3.8 mls. A positive
correlation was found between the systolic (Vs) and diastolic
(Vd) peak jet velocity (Vd == 0.58Vs + 0.52; r = 0.63, p <
0.01) by least squares linear regression analysis. In 12
patients, the systolic flow from the apex was abruptly halted
by complete cavity obliteration and paradoxic jet flow began
with the isovolumetric relaxation period (Fig. 2B). In the
remaining eight patients, the jet was attenuated during the
latter half of systole but was continuous with the diastolic jet
flow.
In 15 of the 35 patients with cavity obliteration but
without paradoxic jet flow, a small signal directed from the
apex to the base was recorded near the obliterated portion of
the ventricle during the isovolumetric relaxation period.
However, its peak flow velocity was much slower than that
ofthe paradoxic jet flow (p < 0.001). This signal was usually
preceded by apically directed flow during the initial part of
the isovolumetric relaxation period and was immediately
replaced by rapid filling flow. Thus, its duration was always
equal to or shorter than the isovolumetric relaxation time.
The maximal systolic flow velocity across the obliterated
cavity was greater in the 20 patients with a diastolic jet than
in the 35 without a jet (p < 0.001). Systolic peak flow
velocity across the outflow tract and corrected ejection time
did not differ significantly between the two groups. Outflow
obstruction was found in no patient with the diastolic jet flow
and in five patients without it. Isovolumetric relaxation was
significantly prolonged when the diastolic jet flow was
present (p < 0.05).
Echocardiographic findings (Tables 2 and 3). Sixteen of
the 20 patients with paradoxic jet flow showed hypertrophy
ofthe apical segment; wall thickening was virtually confined
distal to the papillary muscles in 8of the 16. In 13 of these 16
patients, the apical chamber was obscured at end-systole
despite the diastolic jet flow originating from the apex. The
tip of the apex was outside the sector of two-dimensional
imaging or effaced by echoes from the lung tissue in 8 of
these 13 patients; in the remaining 5 patients, the obscurity
of a tiny apical cavity was due to severe cavity narrowing
with an abundance of trabeculae carneae or artifacts from
the chest wall, or both. In five of the seven patients with a
clearly visualized apical chamber or apical aneurysm, a
portion of the apical wall segment was <5 mm thick and a
mural thrombus was noted in one (Case 2) of the seven.
The pattern of hypertrophy, wall thickness, proximal
cavity dimension and shortening fraction were similar in all
patients with cavity obliteration independent of the presence
or absence of the diastolic jet flow. However, the maximal
wall thickness at the distal level below the papillary muscles
was greater in those with the paradoxic jet flow (p < 0.01).
Angiographic findings (Table 2). In the 16 patients with
paradoxic jet flow who underwent cineangiography, either
segmental asynergy or an aneurysm localized to the apex
was noted; the size of the apical chamber varied greatly.
Patients with apical hypertrophy usually exhibited a small
outpouching connected to the main chamber by a narrow
muscular tunnel that completely disappeared during contrac-
tion (Fig. 3, left). Some aneurysms were so large that,
together with the main chamber, they formed an hourglass-
like ventricle. A clear filling defect due to probable mural
thrombus was evident in three patients; in one of these the
thrombus was confirmed by echocardiography. Reinjection
of contrast medium was required to detect the apical cham-
ber in four patients.
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Table 2. Echocardiographic and Ventriculographic Findings in 20 Patients With Paradoxic Jet Flow
Echocardiography Left Ventriculography
Case Apical
Wall Thickness (mm)
Apical Mural EF
No. LVH Pattern Chamber VST PWT Maximal Segment Thrombus (%)
I Diffuse Obscure 22 18 36 Dyskinesia 76
2 ASH Aneurysm 13 10 25 Aneurysm 56
3 ASH Aneurysm 16 10 24 Aneurysm + 60
4 ASH + apical Obscure 21 10 24 Aneurysm + 77
5 ASH + apical Visible 16 12 34 Aneurysm 72
6 ASH + apical Obscure 14 10 20 Not available
7 ASH + apical Visible 22 14 24 Akinesia 80
8 ASH + apical Obscure 18 12 20 Akinesia 76
9 ASH + apical Obscure 20 13 20 Aneurysm 90
10 ASH + apical Obscure 16 12 21 Not available
II Apical Obscure 10 10 28 Dyskinesia 80
12 Mid-ventricular Aneurysm 14 13 25 Aneurysm 85
13 Apical Obscure 10 10 24 Aneurysm 84
14 Apical Obscure 13 12 22 Aneurysm 74
15 Apical Obscure 8 6 26 Dyskinesia 77
16 Apical Obscure II II 23 Not available
17 Apical Visible 13 10 20 Aneurysm + 78
18 Apical Obscure II 8 19 Aneurysm 68
19 Mid-ventricular Visible 12 12 22 Aneurysm 72
20 Apical Obscure 8 10 18 Not available
Ventricular septal thickness (VST) and posterior wall thickness (PWT) were measured at the level of the mitral valve tip. Maximal wall thickness was recorded
at the distal level below the papillary muscles. ASH =asymmetric septal hypertrophy; EF =ejection fraction; LVH =left ventricular hypertrophy; +=present;
- =absent.
Apical wall motion in these 16 patients was characterized
by a systolic bulge and early diastolic shrinkage of the apical
chamber, with delayed entry and emptying of the contrast
medium (Fig. 3). Complete separation of the apical and main
chambers usually occurred by mid-systole; further profound
obliteration was noted during the remainder of systole.
Separation of the two cavities persisted after the onset of
transmitral filling almost until mid-diastole. The main ven-
tricle was hyperdynamic so that a high ejection fraction was
preserved. Coronary angiography revealed no significant
stenosis in all but three patients, in whom squeezing of the
proximal left anterior descending artery was noted.
Among the 31 patients with cavity obliteration alone who
underwent cineangiography, cavity separation occurring at
end-systole was observed in 5 and residual contrast medium
in the intertrabecular recesses was commonly seen within
the obliterated portion. However, there was neither hypo-
kinesia nor early diastolic collapse of the apical chamber.
Thallium·201 myocardial imaging. The incidence of per-
fusion abnormalities in the apical region was higher in 15
patients with the abnormal jet (93% vs. 48%; p < 0.01).
Among these 15 patients, thallium imaging revealed a fixed
defect with no redistribution in 3, incomplete redistribution
in 10 (Fig. 4) and complete reversibility of the defect in 2.
Conversely, the 27 patients without the jet flow included I
patient with complete and 4 with incomplete defect revers-
ibility. Perfusion defects were also identified in other regions
and were continuous with the apical defect in two patients
with and in three without the abnormal flow.
Clinical features (Table 3). Among the 55 patients with
cavity obliteration, the clinical symptoms and background
factors were similar irrespective of the presence of para-
doxic jet flow. However, systemic embolism had occurred in
6 of the 20 patients with the abnormal flow, a higher
incidence than in those without the jet (p < 0.01). Despite
repeated examinations, no atrial fibrillation was found in
four patients with the diastolic jet flow who had systemic
embolism. A diastolic murmur was heard only in three with
the jet flow and no abnormal bulge on the cardiac border was
found on a chest X-ray film. A rest 12-lead ECG did not
show evidence ofmyocardial infarction, except for abnormal
Q waves in two patients and ST elevation in three with
paradoxic flow. However, ambulatory ECG monitoring
showed that ventricular tachycardia and couplets were more
common (p < 0.05) in patients with paradoxic flow.
Hemodynamic features. Left ventricular systolic (116 ±
15 vs. 120 ± 20 mm Hg) and end-diastolic (16 ± 6 vs. 16 ±
6 mm Hg) pressure and ejection fraction (79 ± 9% vs. 79 ±
7%) were similar in the patients with cavity obliteration with
or without paradoxic jet flow. The pressure in the apical
chamber was measurable only in three patients with para-
doxic flow because the catheter generally could not be
advanced to the apex as a result of severe hypertrophy of the
papillary muscles and marked ventricular irritability. In
these three patients, there was a systolic gradient of 40 to
90 mm Hg between the apical and main chambers and a
persistent diastolic gradient was shown by superimposing
tracings of the same cardiac cycle length (Fig. 5). An
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Table 3. Clinical, Electrocardiographic and Echocardiographic Features in Patients With Cavity
Obliteration With and Without Paradoxic Jet Flow
With Paradoxic Without Paradoxic
Jet Flow Jet Flow
(n =20) (n =35) p Value
Clinical characteristics
Age (yr) 57 ± 14 56 ± 10 NS
No. of women 7 (35%) 9 (26%) NS
Family history of HCM or sudden death 5 (25%) 6 (17%) NS
Dyspnea (NYHA)
I 3/18 (17%) 16 (46%) NS
II 9/18 (50%) 14 (40%)
III or IV 6/18 (33%) 5 (14%)
Chest pain 11 (55%) 16(46%) NS
Systemic embolism 6(30%) 1(3%) <0.01
Rest 12-lead ECG
Atrial fibrillation 3 (15%) 3 (9%) NS
IVCD 3 (15%) 4 (11%) NS
LV hypertrophy 16 (80%) 33 (94%) NS
Abnormal Qwave 2 (10%) 2(6%) NS
ST elevation 3 (15%) 1(3%) NS
T wave inversion ~1 mV 11 (55%) 23 (66%) NS
Ambulatory ECG monitoring
Paired VE 10/14 (71%) 8/25 (32%) <0.05
Ventricular tachycardia 7/14 (50%) 4/25 (16%) <0.05
Echocardiographic measurements
Ventricular septum (mm) 15 ± 5 17 ± 5 NS
LV posteror wall (mm) 11 ± 3 11 ± 2 NS
Maximal wall thickness (mm) 24 ± 5 20 ± 5 <O.ol
LV diastolic dimension (mm) 45 ± 6 45 ± 5 NS
Fractional shortening (%) 46 ± 8 43 ± 6 NS
New York Heart Association functional class (NYHA) of two patients was not evaluated because of neuro-
muscular impairment after cerebral embolism. EeG =electrocardiogram; HCM =hypertrophic cardiomyopathy;
IVCD = intraventricular conduction disturbances; LV =left ventricular; VE = ventricular extrasystoles.
intraventricular gradient was recorded in five of the patients
without the diastolic jet; no diastolic gradient was identified
in these patients.
Apical hypokinesia in patients without cavity obliteration.
Ofthe 143 patients without cavity obliteration, none showed
paradoxic jet flow and only 9 (6%) had apical asynergy
echocardiographically. Six of these nine patients had con-
comitant hypokinesia in other segments, in striking contrast
to the localized hypokinesia in the group with cavity oblit-
eration. The left ventriculogram in 78 patients showed an
incidence (8%) of apical hypokinesia similar to that observed
in the echocardiographic study.
Discussion
Clinical importance of paradoxic jet ftow. Segmental hy-
pokinesia can develop gradually without clinical or ECG
evidence of infarction in patients with hypertrophic cardio-
myopathy (16-20). It is occasionally associated with signif-
icant clinical deterioration such as heart failure, serious
ventricular arrhythmias and even sudden death. Our results
indicate that diastolic paradoxic jet flow can be a noninva-
sive marker of concealed apical asynergy in patients with
cavity obliteration, in whom the ECG does not show any
sign of infarction and the apical cavity is often not delineated
by echocardiography. The failure of echocardiography to
visualize the apical cavity may be due to several factors,
including its size and location, cavity narrowing and poor
quality of images from the apical window. With the com-
bined use of color flow imaging, however, sensitivity in
detecting the separate apical cavity was improved. Con-
versely, even contrast radiography can fail to show the
cavity because of delayed and insufficient filling in the
presence of reversed flow during diastole.
Our patients with paradoxic jet flow had a higher risk of
systemic embolism than did those without such flow. Such
emboli could have originated from the separated chamber
even without atrial fibrillation. Furthermore, the presence of
atrial fibrillation may have promoted thrombus formation in
the apical chamber; its blood turnover should largely depend
on the atrial contribution. Serious ventricular arrhythmia
was another important risk for our patients with paradoxic
jet flow. Regional perfusion abnormalities suggestive of
myocardial scarring or ischemia, or both (13), could be the
cause of these arrhythmias. Moreover, the paradoxic flow
suggests severe regional impairment of relaxation and dias-
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Figure 3. Left ventriculograms in the right
anterior oblique projection in two patients with
paradoxic jet flow. The two left panels are from
Case 17. The upper panel shows apical hyper-
trophy at end-diastole (ED). The lower panel
shows an apical aneurysm with a filling defect
revealed by the selective injection of contrast
medium. The right three panels are from Case
7. In the middle panel, apical hypokinesia and
a sequestered chamber are identified by ar-
rows. This chamber collapsed until the end of
rapid filling (RF) as shown in the lower panel.
ES = end-systole.
is considered to reflect the early occurrence of relaxation in
the apical segment (2). Reversal of the direction of isovolu-
metric flow has been described in patients with apical
asynergy (21) and was occasionally found in our patients
with cavity obliteration who did not have apical asynergy
but probably had asynchronous relaxation (2). The reversed
flow disappeared immediately after the beginning of trans-
mitral filling, and its maximal velocity did not indicate a
significant intraventricular gradient. In contrast, paradoxic
jet flow suggested a significantly higher apical pressure
during early diastole and always extended far into diastole so
that filling of the apical cavity occurred late in diastole.
Thus, paradoxic jet flow is due to coexistence of mid-
chamber obliteration and segmental wall motion abnormali-
ties of the apex.
Combined analysis of angiographic and Doppler findings
may aid in understanding how the mid-cavity obstruction
produces this prominent jet flow. First, blood was entrapped
within the apical cavity during systole, probably because of
apical asynchrony and premature obstruction of the mid-
cavity. The separated apical chamber would act as a capac-
itor for the sustained flow from the apex to the base during
diastole. Second, both a suction effect from the hyperkinetic
main chamber and a restoring force of the stretched apical
segment could produce the diastolic gradient between the
apex and base with a higher apical pressure. Stretching of
the apical segment may be important for the generation of a
diastolic higher apical pressure because the potential energy
available for diastolic emptying would be increased by this
process. Third, obstruction by the mid-ventricular hypertro-
phied segment, coupled with its probably impaired relax-
ation property, continued throughout most of diastole when
the collapse of the apical chamber occurred. This diastolic
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Figure 4. Thallium-2Ot emission computed tomograms in a normal
subject and a patient with paradoxic jet flow. A, Orientation of
transaxial (left), sagittal (middle) and apical (AP) short-axial (right)
tomograms in a normal subject. Band C, Case 13. The apical
perfusion defect (arrows) in postexercise images (B) shows partial
reversibility in redistribution images (C). AN = anterior; IN =
inferior; L = lateral; S = septal.
tolic filling, which may have contributed to left ventricular
dysfunction.
Mechanism of paradoxic jet flow. The distal cavity of a
hyperkinetic ventricle usually manifests flow directed from
the base to the apex during isovolumetric relaxation that
c
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Figure 5. Case 14. Comparison between intraventricular pressure
and a continuous wave Doppler signal in a patient with a seques-
tered apical aneurysm. Tracings of left ventricular pressure (LVP)
obtained from the apical and main chambers were superimposed to
calculate the pressure gradient (PG) between the two chambers. The
peak flow velocity waveform (CW) within the obliterated cavity
shows signal dropout during systole when an intracavitary gradient
was present. This gradient persists during early diastole and corre-
sponds to paradoxic jet flow. The cardiac cycle length is the same in
the three tracings. ECG = electrocardiography; PCG = phonocar-
diography; S2 = second heart sound.
obstruction is also essential to the gradient and the high jet
velocity.
Development of apical aneurysm in patients with cavity
obliteration. We found 29 patients (15%) with segmental
wall motion abnormalities in the series of 198 patients with
hypertrophic cardiomyopathy. These patients frequently
had evidence of apical asynergy in association with hyper-
trophy of the distal segment and cavity obliteration. The
incidence of apical asynergy in our study seems much higher
than that in previous reports (18,19), an observation that
may be explained in part by the prospective use of Doppler
color flow imaging and the prevalence of apical hypertrophy
in Japan (22,23). Apical asynergy is a possible consequence
in the long clinical course, because apical hypertrophy
sometimes culminates in apical aneurysm (20,24,25). In most
patients with paradoxic jet flow, cardiac hypertrophy in-
volved the apex and mid-ventricle. Systolic mid-cavity ob-
struction may impose an increased afterload on the apex,
possibly leading to the apical asynergy (19), although the
mid-ventricular involvement may simply represent a mor-
phologic expression of severe apical hypertrophy. Indeed,
some patients with apical hypertrophy who developed apical
infarction with residual mid-ventricular hypertrophy showed
a ventricular shape quite similar to that produced by mid-
ventricular obstruction (20,24).
We have no pathologic data to clarify the role ofischemia
in the pathognesis ofthe apical lesions . Recently, Cannon et
al. (26) reported that abnormalities in thallium-201 imaging
during exercise are markers of myocardial ischemia in
hypertrophic cardiomyopathy. Thus, such perfusion abnor-
malities in our patients with cavity obliteration could be a
rational mechanism for the development of apical asynergy.
Patients with paradoxic jet flow might have been more
susceptible to ischemia because of greater wall thickness of
the distal segment. After the development of apical asynergy
and the separate cavity, a high systolic pressure that persists
into the diastolic phase, probably potentiating oxygen sup-
ply/demand mismatch, would be further imposed on the
apical segment, facilitating myocardial necrosis and aneu-
rysm formation.
Localized conduction delay in the hypertrophied apex
might be another mechanism contributing to this process,
although no electrophysiologic evidence was obtained. It is
well known (27) that a very thin point is present in the tip of
the left ventricular apex. Under normal conditions, the
earliest contraction occurs in the apical region, allowing the
narrow funnel to close off at the onset of systole, thereby
protecting the thinnest point from high pressure during
systole. Severe hypertrophy may disturb this protective
mechanism because of asynchronous contraction, resulting
in entrapment of blood within the apical cavity.
Limitations. Our results indicate the presence of distal
left ventricular gradients during systole and diastole. How-
ever, there was some difficulty in accurate estimation of the
gradients within the distal cavity. Because of attenuation of
the signal during systole, the maximal flow velocity mea-
sured by Doppler ultrasound may have resulted in significant
underestimation of the peak pressure gradient. Angiographic
evidence showed that this phenomenon was probably due to
aborted systolic emptying of the apical chamber or marked
reduction of the flow by closure of the myocardial channel.
Without flow generation from the separated apical cavity,
an isovolumetric pressure increase cannot be assessed by
Doppler ultrasound. Comparison of the Doppler estimations
with the actual gradients was also difficult because introduc-
tion of a catheter into the apical chamber induced ventricular
arrhythmias and could be dangerous because of concealed
mural thrombus. Therefore, the question remains whether
the peak velocities can be useful variables for evaluating
serial changes in the severity of obstruction in the natural
course of disease and in therapeutic challenges.
Conclusions. Paradoxic jet flow during diastole is a po-
tent marker for concealed apical asynergy in patients with
cavity obliteration. This flow is caused by an intraventricular
pressure gradient between the main chamber and the sepa-
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rated apical cavity, which may result from both sustained
mid-cavity obliteration and segmental wall motion abnormal-
ities. The tendency of patients with this paradoxic flow to
have worse clinical features necessitates further prospective
evaluation to determine its ultimate prognostic significance
and relation to apical aneurysm formation.
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